The aim of this study was to determine the physiological demands of epée fencing 4 performance. Eight elite male epée fencers competed in a competition consisting 5 of 7 Poule and 7 Direct Elimination (DE) fights. Core temperature (TC), heart rate 6 (HR), movement patterns, training load, and differentiated ratings of perceived 7 exertion (RPE) were collected for all Poule and DE fights. Expired gas, and 8 energy expenditure (EE) were measured using breath-by-breath gas analysis 9 during selected fights, along with blood lactate concentration. Maximal HR and 10 RPE were greater in DE than Poule fights. There was a tendency for greater 11 
INTRODUCTION 25
Understanding of the demands of specific sports is becoming an important aspect 26 for coaches and athletes. The majority of research tends to be more focused 27 within team based and well funded sports such as football, tennis, rugby and 28 cycling ( an effort lasting around 15 seconds in epée (Roi & Bianchedi, 2008) . In spite of 42 the severe demand on the anaerobic energy systems, there is a heavy reliance 43 on the aerobic system (Bottoms et al., 2011) . 44
45
There is limited research reporting the physiological demands within elite 46 level male epée fencing during competition. The majority of research within epée 47 has utilised simulated fights in a laboratory setting (Bottoms et al., 2011; Bottoms, 48 Sinclair, Rome, Gregory, & Price, 2013; Iglesias & Rodríguez, 2000) . Iglesias 
and 49
Rodriguez (1995) showed male epée fencers achieved an average heart rate of 50 166 ± 8 beats.min -1 , with blood lactate concentration post fight averaging 3.2 ± 51 0.7 mmol.L -1 during competition. Oxygen consumption was estimated to be 54 ± 52 4 ml.kg -1 .min -1 , with estimated energy expenditure to be 15.4 kcal.min -1 in 53 international competition compared to 12.3 kcal.min -1 in a national competition 54 (Iglesias & Rodríguez, 1999 , 2000 . During a simulated competition Bottoms et 55 al. (2013) showed relatively low heart rate responses with heart rates recorded 56 between 150-170 beats.min -1 during both Poule and DE fights. In addition, there 57 were modest ratings of perceived exertion (RPE) shown during the simulated 58 competition with RPE being greater in the DE compared to the Poule rounds (13 59 vs. 10 respectively). However, as these fights were simulated fencing bouts and 60 not actual competition the physiological response is likely to lower due to potential 61 lack of motivation from the fencers to compete or also due to lower catecholamine 62 release (Hoch, Werle, & Weicker, 1988 United Kingdom) volunteered to take part in this study. All participants were 104 informed of the benefits and risks of the study and all gave written informed 105 consent to participate, which was approved by the University Ethics Committee. 106
All fencers competed at a club or international level, had previous epée training 107 history and trained regularly in epée (Table 1) fights won, then point difference, then points scored. All testing was performed 126 using the participant's own fencing equipment and participants were instructed to 127 prepare as they would for competition. A staggered monetary incentive was given 128 for all placing within the competition to ensure the fencers gave maximal effort, 129 with first place taking the greatest prize and last place the lowest. Participants were fitted with a heart rate monitor and athlete tracking 160 system (Polar Team Pro 2, Polar Electro, Kempele, Finland). The heart rate and 161 movement data were tracked continuously throughout the competition using an 162 accelerometer, gyroscope and digital compass system recording at 200Hz. 163
Average heart rate (HRav), maximum heart rate (HRmax) during the fight, time 164 spent above 80% of age-predicted HRmax, and time spent in each heart rate zone 165 were analysed for all Poule and DE fights. The following heart rate zones were 166 utilised: zone 1 -50-59% HRmax, zone 2 -60-69% HRmax, zone 3 -70-79%, zone in heart rate zones, RPEO, RPEA, RPEL, distance covered, peak speed, average 227 speed, training load, and percentages of accelerations in acceleration zones. 228
Paired students t-test analyses were also undertaken for selected Poule and DE 229 fights (with a total of two fights for each fencer for both Poule and DE) for average 230 VO2 during the fight, maximum VO2 achieved during the fight, and energy 231 expenditure. Effect sizes (ES) for differences between Poule and DE fights were 232 calculated using Cohen's d (Cohen, 1988) >0.40) (Cohen, 1988 respectively. There were no significant differences for HRav between Poule and 264 DE fights, as shown in Table 2 . 
05). 299
Maximum VO2 recorded was similar between Poule and DE fights (49.1 ± 6.1 300 ml.kg -1 .min -1 (45.5, 52.8) vs. 51.2 ± 9.3 ml.kg -1 .min -1 (45.6, 56.8); p = 0.411, ES 301 = 0.27). Furthermore, EE was also similar between Poule and DE fights (12.7 ± 302 1.7 kcal.min -1 (11.6, 13.7) vs. 12.8 ± 2.4 kcal.min -1 (11.3, 14.2); p = 0.793, ES = 303
0.05). 304 305

Movement Patterns 306
Movement tracking data is shown in Table 3 fights. There were no significant differences for accelerations in zone 3 between 321 DE and Poule fights. 322
DISCUSSION 325
The aims of this study were to determine the physiological demands of epée 326 fencing during competition and if there are differences between the phases of 327 competition (Poule and DE). Secondly, this is the first study to determine the 328 movement demands of epée fencing performance using a tri-axial accelerometer 329 based system. HRmax. The increased heat production could cause an increase in heart rate to 368 distribute blood flow to the skin to dissipate heat from the core. Furthermore, 369 participants had a mean starting TC ~0.42°C higher in the DE compared to the 370
Poule. This could, therefore, indicate the participants struggled to reduce TC to 371 baseline levels between fights. The added influence of protective equipment and 372 layers worn by the fencers could impact upon their ability to dissipate heat 373 effectively, especially evaporative heat loss mechanisms (Gavin, 
CONCLUSIONS 470
This study showed that there is an increased physiological strain observed 471 as an epée competition progresses. This is exhibited through increased HRmax, 472 greater RPEO, RPEA, RPEL and a tendency for a greater increase in TC in the 473 DE compared to the Poule. Additionally, participants spent ~80% of a fight above 474 80% age-predicted HRmax. There seems to be an increasing demand on the 475 alactic and aerobic energy system as a competition progresses as blood lactate 476 concentration decreased from Poule 1 to DE 7. This study has also suggested 477 fencers may benefit from cooling interventions between fights to lower TC to 478 baseline levels. Energy expended during the competition was also shown to be 479 high stressing the importance of adequate fuelling to improve/maintain 480 performance. This is the first study to assess movement patterns of epée fencing 481 performance using a tri-axial accelerometer athlete tracking system. This study 482 has shown despite epée being short in duration high mechanical loads are 483 
